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Abstract 
The paper presents the results of the experimental studies of the acceleration and deceleration of a car equipped with winter tyres. 
The road tests were carried out after a snowy day in four stages for the different environmental conditions. The tests were 
preformed a bituminous pavement covered with fresh snow. A straight piece of the road without the traffic was investigated. 
Information on the longitudinal inclination of the road surface, i.e. less than 1%, allowed to compensate the effect of the 
gravitational acceleration on the characteristics of the acceleration and deceleration. The adjustments of the inclination angle 
allowed to compare the obtained measurement results with the hypothetical characteristics for the structures of the surface layer. 
The kinematic motion characteristics of the car were recorded with the application of the ADIS 16385 system which consists of 
three accelerometers and three gyroscopes. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
Keywords: tyre; road; breaking process; coefficient of friction 
1. Introduction 
From November until April different weather conditions occur in Poland. This situation causes high variations of 
the adhesion coefficient, and its variability has a direct influence on kinematic features of the vehicle and safety of 
the traffic. The assessment of the pavement state conditions is done by a driver and it determines the driver's 
behaviour. In case of the road accident, determination of the adhesion coefficient for the existing weather and 
pavement conditions is very crucial for the reconstruction of the accident. Experimental determination of this 
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coefficient with the application of the same vehicle, tyres, weather and pavement conditions at the scene of the 
accident is the optimal technique. However, the reconstruction of the road accidents is usually done a long time after 
a collision or accident. So, in this situation one has to use literature source to assess the antislip properties of the 
pavement. The value of the adhesion coefficient is selected on the base of information on weather conditions, type 
of pavement, type of vehicle and tyres, state of tyre tread and ABS system. Theoretical analysis is not always precise 
and research tests are not always reliable due to the high fluctuations of the pavement and environment parameters. 
The antislip features are changing very often for the road surface covered with fresh snow. The paper presents the 
experimental research on intensive accelerating and braking for the snow-covered road. 
2. Analysis of existing research 
The studies of antislip features assessment of the road surface during winter have been done by many authors for 
both road [1–5] and laboratory conditions [6, 7]. The authors of these works have evaluated the effect of state and 
type of the pavement and environmental parameters on deceleration. The results of such experimental research are 
presented in work of Martin and Schaefer [8]. This study presents the analysis of intensive braking on various road 
surfaces for the wide range of temperatures (Table 1) – temperature intervals during the tests are given in brackets. 
        Table 1. Summary of the deceleration according to [8]. 
Description Deceleration (m.s-2) 
Ice not destroyed by chains or spikes that looked like glass 0.53–1.86   (t0–t-25) 
Thick layer of black ice, not destroyed by blocked tyres, sliding hard to notice by an average driver 1.18–2.55   (t-5–t-40) 
A thin layer of black ice, partially destroyed by blocked slipping tyres, hard to notice by an average 
driver 
1.67–4.81   (t-3–t-30) 
A continuous layer of snow compacted to form an icy surface 1.18–3.83 
Packed snow and ice covered with a layer of fresh snow and frozen fog 3-100 mm thick, not ridden by 
vehicles 
1.77–4.41   (t-10–t-40) 
Packed snow and ice covered with a layer of old, rough, crusty snow with thickness of 100–200 mm, 
not ridden by vehicles 
4.22–4.41   (t-15–t-40) 
The snow which fell directly into the street, compacted by vehicles, but not forming a dense layer of 
snow and ice 
2.35–3.63   
(low temperature effect) 
The snow which fell directly into the street, not affected by vehicles 1.47–4.12   (t0–t-10) 
The study of Eddie [9] presents the tests of braking during the winter conditions for the surface covered with ice 
(Table 2) and snow (Table 3). 
                 Table 2. Summary of the deceleration during braking on the icy surface according to [9]. 
Tyre type ABS Surface temperature (°C) Ambient temperature (°C) Braking deceleration (m.s-2) 
winter 
 
yes -5.4 -5.9 2.65–1.47 
no 2.06–1.47 
summer 
 
yes -5.2 -3.1 1.96–1.28 
no 1.57–1.47 
all-season 
 
yes -3.6 0.0 1.86–1.18 
no 1.57–1.18 
winter 
 
yes -1.9 2.0 1.47–0.98 
no 0.98 
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                 Table 3. Summary of the deceleration values on a snow-covered surface according to [9]. 
Tyre type ABS Surface temperature (°C) Ambient temperature (°C) Braking deceleration (m.s-2) 
winter 
 
yes -2.2 -3.0 2.16–2.06 
no 2.55 
winter 
 
yes -5.0 -5.9 2.75–2.65 
no 3.14–2.94 
winter 
 
yes -0.8 -1.2 2.35 
no 2.84–2.75 
all-season 
 
yes -0.8 -1.2 1.57–1.47 
no 2.06–1.57 
The deceleration results in Table 2 are higher for the case with ABS. During driving a car on snow (Table 3) with 
disconnected ABS higher values of deceleration exist. This fact is caused by stripping the surface layer of snow and 
accumulating of snow in front of the tyre. 
Apart from the deceleration values one can find in literature the values of acceleration of vehicles during start 
moving for different road surfaces covered with snow or ice. Example of such literature sources are the works of 
Navin et al., Kędziora and Waluś [10–13]. 
              Table 4. Summary of the deceleration values according to [11]. 
Surface Braking (m.s-2) Accelerating (m.s-2) 
Compacted snow 3.43 1.96 
Smooth ice 0.88 0.78 
            Table 5. Test results corrected with the use of the angle of the road surface inclination [10]. 
Tyres aacc(s) (m.s-2) abrak(s) (m.s-2) MFDD (m.s-2) 
summer 0.77 -0.74 -0.75 
winter 1.42 -2.3 -2.42 
    Table 6. Summary of the deceleration values on a snow-covered surface according to [12, 13]. 
Tyre type 195/65 R15 Surface temperature (°C) Ambient temperature (°C) Braking deceleration (m.s-2) Accelerating (m.s-2) 
winter -3.2 +2.6 2.43–3.08 1.05–1.19 
summer  -6.8 +1.9 1.90–2.28 0.52–0.82 
 
3. The author's research 
At present the parameters of braking process and minimum values of deceleration on different road surfaces for 
summer and winter tyres are defined and available in literature. Tyre and car manufacturers pay attention to the 
possibility of obtaining the best accelerations during speeding up. So, we can conclude that every experimental 
research on acceleration during speeding up and deceleration during braking for the different weather conditions, 
pavement states, types of tyre and vehicle enlarge the range of information on the effect of the environment features 
on the parameters of the vehicle movement. This fact is also used during defining operating time of traffic lights and 
transit time at the crossroads. Therefore, four series of experimental research were done in different temperature 
conditions for the road surface covered with fresh snow which was not compacted by any other vehicles. Motor-car 
Skoda Octavia II Tour 1.6 with front-wheel drive, winter tyres Kleber Krisalp HP2 195/65 R15, ABS and 
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acceleration slip regulation was used during tests. The measurements of the environment features were done before 
and after 10 trials of the test. The environmental conditions are presented in Tables 7 and 8. 
 Table 7. The measurement results of the environmental conditions before the test. 
 2013.01.19 2013.01.25 2013.02.23 2013.03.13 
Ambient temperature -6.0 oC -6.6 oC -0.1 oC -4.9 oC  
Humidity 80.2 % 83.1 % 99.9 % 68.0 % 
Atmospheric pressure 995.2 hPa 1013.3 hPa 1003.5 hPa 996.6 hPa 
Temperature of saturation point -8.6 oC -8.6 oC 0.0 oC -9.3 oC 
Temperature of road surface -14.2 oC -13.8 oC compacted  
-18.4 oC fresh  
-4.8 oC -8.8 oC compacted  
-15.8 oC fresh  
 Table 8. The measurement results of the environmental conditions after the test. 
 2013.01.19 2013.01.25 2013.02.23 2013.03.13 
Ambient temperature -6.8 oC -10.6 oC  +0.1 oC -5.4 oC  
Humidity 74.8 % 89.9 % 99.9 % 57.3 % 
Atmospheric pressure 995.1 hPa 1014.2 hPa 1002.7 hPa 996.9 hPa 
Temperature of saturation point -10.0 oC -11.7 oC 0.0 oC -11.9 oC 
Temperature of road surface -15.8 oC compacted  
-17.2 oC fresh  
-17.2 oC compacted  
-24.8oC fresh  
-5.4 oC -11.8 oC compacted  
-23.0 oC fresh  
The depth of a snow layer: 6 ÷ 8 cm fresh 
2 cm compacted 
8 cm fresh 
2 cm compacted 
6 ÷ 7 cm fresh 
1 ÷ 2 cm compacted 
5 ÷ 8 cm fresh 
2 ÷ 3 cm compacted 
The experimental tests were conducted on a straight section of the road without a motor and pedestrian traffic. 
The investigated surface was inclined about 1%. The tests were done in one-way direction with driving uphill. The 
inclination angle value of the road surface was corrected for the obtained results of the longitudinal acceleration 
with the application of formula (1): 
DDD sincos_  gaa mcor
  (1) 
The value of the mean acceleration in function of the distance of speeding up is a parameter of the acceleration 
intensity and is described by formula (2): 
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Mean Fully Developed Deceleration (MFDD), i.e. mean value of the deceleration in range of 80% ÷ 10% of the 
initial velocity of braking (3) was taken as a parameter of the intensity of vehicle braking: 
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After finishing the experimental tests, measuring data was exported to spreadsheet MS Excel which was applied 
to plot the curves of the velocity and acceleration in function of time. 
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4. Analysis of test results 
Ten trials of the intensive acceleration from start to stop were done during the experimental tests. Measuring 
apparatus, i.e. the ADIS 16385 system (3 accelerometers and 3 gyroscopes), was fixed on the roof of the vehicle in 
the roll axis. The vehicle was accelerated to 40 km.h-1 during each research day. Table 9 presents the acceleration 
results during speeding up and the values of the mean fully developed deceleration MFDD. 
 Table 9. The values of mean longitudinal accelerations for speeding up during four research days. 
Trial no. 
2013.01.19 2013.01.25 2013.02.23 2013.03.13 
Acceleration 
(m.s-2) 
MFDD 
(m.s-2) 
Acceleration 
(m.s-2)  
MFDD 
(m.s-2) 
Acceleration
(m.s-2)  
MFDD 
(m.s-2) 
Acceleration 
(m.s-2)  
MFDD 
(m.s-2) 
1 1.16 2.66 0.69 3.07 1.00 3.18 0.95 2.85 
2 1.23 2.71 0.79 3.11 0.93 3.35 1.46 3.62 
3 1.09 3.02 0.83 3.1 1.06 3.24 1.15 3.23 
4 1.03 3.03 0.82 2.95 1.00 3.33 1.53 2.71 
5 1.16 3.14 0.95 3.02 1.15 3.19 0.89 2.94 
6 1.02 3.05 0.92 3.27 0.91 3.42 1.25 3.63 
7 1.03 2.89 0.78 3.2 1.25 3.54 1.31 3.38 
8 1.03 2.79 0.78 3.15 1.08 3.1 1.22 2.92 
9 1.10 2.86 0.92 3.25 1.39 3.42 1.26 3.43 
10 1.12 2.95 0.99 3.03 1.05 3.55 1.3 3.51 
Mean value 1.10 2.91 0.85 3.12 1.08 3.33 1.23 3.22 
Standard deviation 0.07 0.16 0.09 0.10 0.15 0.15 0.20 0.34 
Table 10 presents the movement parameters such as initial velocity of braking Vh (m.s-1), travelled distance Sc (m) 
and braking distance Sh (m). 
        Table 10. Movement parameters of the vehicle during the individual research days. 
 2013.01.19 2013.01.25 2013.02.23 2013.03.13 
 Sc (m) Sh (m) Vh (m.s-1)  Sc (m) Sh (m) Vh (m.s-1)  Sc (m) Sh (m) Vh (m.s-1)  Sc (m) Sh (m) Vh (m.s-1)  
1 92.07 18.71 35.84 97.13 13.99 31.98 92.11 17.66 40,57 92,94 22,11 40,91 
2 98.03 20.77 42.34 99.83 15.94 35.30 93.23 16.09 40,17 67,37 17,82 43,23 
3 93.74 15.69 38.65 103.75 18.38 39.01 95.89 17.70 43,78 78,14 18,97 41,76 
4 96.45 14.33 36.30 102.85 16.38 35.78 96.01 18.33 42,82 66,25 22,64 41,47 
5 138.66 29.43 52.17 109.84 21.95 42.17 98.18 21.16 43,50 87,96 17,93 37,55 
6 101.75 16.82 39.35 106.89 18.88 41.57 95.68 16.16 37,80 72,74 18,98 41,14 
7 104.96 18.94 42.12 105.57 19.55 39.57 96.02 22.63 46,90 62,88 17,23 40,13 
8 111.21 18.78 42.82 107.41 18.00 38.45 90.33 19.61 41,32 74,29 20,40 41,69 
9 108.74 19.99 42.81 106.05 16.44 37.50 95.31 22.82 49,80 73,05 19,44 42,67 
10 108.92 17.08 42.81 119.54 21.49 42.67 89.73 15.19 40,31 64,40 17,43 40,66 
On the basis of the values of the longitudinal acceleration which are presented in Table 11 one can observe that 
the lowest values of acceleration during speeding up were presented on 25 January 2013. During that day the 
ambient temperature and temperature of fresh snow were the lowest. This fact has caused a surface freezing of snow 
and it could have formed the "surface snow shell" and could have generated a higher rolling resistance. The obtained 
value of MFDD2013.01.25 = 3.12 m.s-2 was not the highest one among the trials during the individual days, but it was 
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characterised by the highest repeatability and the lowest standard deviation (Table 12). The rest of trials were 
characterised by mean values of the acceleration during speeding up in range of 1.08 ÷ 1.23 m.s-2 and MFDD in 
range of 2.91 ÷ 3.33 m.s-2. 
Decelerations of the motor-car equipped with winter tyres are consistent with the range of the values presented in 
tables in paragraph 2. The obtained results during the experimental tests are consistent with the second half of 
ranges which are presented in literature. 
5. Conclusion 
The presented values of the kinematic features of the vehicle movement for the surface road covered with fresh 
snow can be a complement of the actual source data. Obtaining information on the effect of the environment and 
road surface parameters is the activity which allows to assess the safety range of road traffic. However, one should 
notice that during winter conditions a considerable dispersion of obtained results is presented even in case of the 
application of the same vehicle, tyres, measuring apparatus, place of research and driver. 
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